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To the editor -18
The ocean is widely viewed as composed of an energetic surface layer in contact with the atmosphere, overlying and interacting with a more quiescent and somewhat passive ocean interior. 20
Available ocean observations and models mirror this view: sampling or resolution is highest near the surface, rapidly decreases in the interior, and reaches lowest levels at abyssal depths ( Fig. 1) .
22
Yet recent research suggests that the largely unchartered bottom boundary waters are as central to ocean functioning as their surface counterparts [1] [2] [3] [4] [5] [6] [7] . Here, by summarizing identified key roles of 24 the bottom boundary and highlighting persistent knowledge gaps, we overturn the common surface-centric perception of the ocean and encourage new observational efforts to unveil and 26 quantify bottom ocean phenomena. Without such efforts, we expect that bottom processes will stand as a narrowing bottleneck in our understanding of the ocean's role in climate. 28
Accelerated by surface wind and thermohaline forcing or by tidal forces, oceanic flows rely 30 largely on interactions with the slopes and roughness of the bottom topography for their ultimate arrest 8,3-5 . Though they set the energy and momentum balance of the ocean, these near-bottom 32 dissipative processes remain rather poorly known, some of them still lacking identification or understanding and most of them lacking accurate quantification 8, 9 . The lack of a reliable closure 34 of momentum and energy budgets hampers in turn our ability to describe and model the flow of heat and other climatically important tracers across the oceans, both within deep and upper layers. 36
In particular, the concentration of energy dissipation along the bottom boundary is a key 38 determinant of the large-scale distribution of ocean properties, and of the rate at which the atmosphere and the deep ocean heat and carbon reservoirs communicate. The dissipation of 40 oceanic flows is synonymous to a transfer of their kinetic energy to small-scale turbulence through various instabilities. The resulting turbulent mixing redistributes seawater properties, 42 balancing local transports by ocean currents and, more fundamentally, global sources and sinks through the ocean's surface and bottom boundaries. The seafloor-catalysed energy dissipation is 44 thus tied to elevated turbulent mixing rates, typically concentrated within the bottom few percents or 10-300 metres of the water column, that largely contribute to shape tracer distributions and to 46 set the overall ventilation rate of the deep ocean. 48
Furthermore, the bottom enhancement of turbulence entails a near-bottom confinement of mixing-induced density losses and of the associated upwelling that drains dense waters out of 50 deep seas 6,7 . The along-topography upwelling is reinforced by geothermal heating, which further lightens bottom-most waters, with global significance 6 . Because the injection of dense waters into 52 deep basins occurs through downslope currents, both entry and exit routes of the abyss appear confined to a thin bottom layer. Hence, in addition to hosting key boundary processes and 54 exchanges, the bottom boundary layer stands out as the primary ventilation conduit of the abyssal ocean. 56
However, bottom ocean waters also stand out as a major blind spot and critical chokepoint in our 58 understanding and modelling of ocean heat and carbon storage and transports. Which boundary processes and which dynamical regimes dominate the energy transfer to small-scale turbulence? 60
How do they depend on topography scales and shapes? The possibility that submesoscale currents, observed in the surface boundary layer and off steep continental slopes 4, 5, 9 , are also 62 widespread along unstratified or rugged abyssal boundaries remains to be assessed. Overall, basic knowledge of the thickness of the well-mixed bottom layer, of the near-bottom levels of 64 stratification and mixing, and of the nature and rates of exchanges between the boundary layer and the interior, together with their spatio-temporal variability, is lacking. 66
Improved process understanding may be achieved with high resolution idealized or regional 68 model studies focusing on flow-topography interactions, instabilities and mixing 3-5 . But headway will remain slow unless new in situ observations can bring into focus leading processes and 70 provide a ground-truth reference. The thickness of the turbulent bottom boundary layer, and the large depths and pressures found along most of the seabed (Fig. 1) , pose challenging 72 requirements on the nearness to topography and the depth sensors must reach. Ongoing instrumental developments, including Deep Argo floats 10 , deep-sea gliders or terrain-following 74 probes together with biochemical sensors, could rise to the challenge of mapping the ocean's underside. In general, renewed attention to bottom dynamics and exchanges is imperative to 76 uncover the key physical and biochemical phenomena that hide along the ocean floor. 78 
Figure Legend
